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FOREWORD

The IGSC (Integration Group for the Safety Case) is an international expert group that was
launched four years ago. The IGSC takes initiatives in the area of confidence-building in repository
technical safety cases (SC) and their underlying methodological and scientific bases for the purpose of
decision-making in repository development. In particular, the IGSC focuses on the strategic and
methodological issues of preparing a safety case, the integration of the science that is the basis for a
safety case and on the development of that scientific basis.

In the past three years, definite progress has been observed mainly in technical aspects of
planning and performing long-term safety evaluations of repository systems. Moreover recently, it has
become increasingly evident that repository development will involve a number of stages punctuated
by interdependent decisions on whether and how to move to the next stage. These decisions require a
clear and traceable presentation of technical arguments that will help in giving confidence in the
feasibility and safety of the proposed concept. The depth of understanding and technical information
available to support decisions will vary from step to step and to that extend a safety case is a key item
to support the decision to move to the next stage in repository development.

Geological disposal is conceived as passively safe, and post-closure safety must rest on the main
protective functions of waste isolation and of the limitation and retardation of radionuclide release.
Beginning in the period prior to the construction and possibly continuing up to closure and even
longer, monitoring of various site and related repository parameters may be part of strategy for the
safety case and will help in the review of continuing work. Monitoring may also be implemented to
assure societal comfort and acceptance. Some organisations are being in the process of formulating
ideas and guidelines concerning monitoring strategy and activities that could be conducted.

Therefore, the Topical Session reported here sought to confirm the need to start thinking about
the place of the monitoring in the context of a safety case and to hear from within the IGSC the status
of knowledge related monitoring developments in member programmes through a series of
presentations on the “role of monitoring in a safety case.” This topical session was organised in the
framework of the 6 meeting of the IGSC, held in Issy-les-Moulineaux, France, on 3 November 2004.

39 participants represented national waste management organisations and regulatory authorities
from 15 NEA member countries, the IAEA, and the European Commission (EC). The main issues of
interest were:

e National strategies and how organisations handle monitoring when making a safety case.

e Which role monitoring plays when making a safety case; presenting a safety case; and taking
decision.

e What the expectations are from regulators.
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Therefore the aims of the topical session were:

e to provide the key monitoring issues of interest to build confidence in a safety case
(e.g.: relationship with the post-closure phase, functions, requirements);

e to determine any actions to be carried out by the IGSC on the elements of a safety case with
respect to the monitoring issue.

The presentations showed the progress and remaining questions that could be underscored by
the relevant national organisations in developing strategy for handling monitoring. They also confirm
the interest in trying to achieve a common view on that topic and in particular on the
definition/interpretation of the word “monitoring”.

The proceedings summarise the oral presentations both from implementers, regulators and
international projects. They also present the key findings in particular the observed commonalities and
differences between NEA member countries on the role of monitoring and of its interpretation in terms
of handling and programme of works.
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PART A

SYNTHESIS
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1. INTROUCTION

Assessments of the safety of proposed geological repositories are a key input to the decision-
making process regarding the development of these facilities. Accordingly, implementing and
regulatory organisations in many of the OECD/NEA countries are involved in the investigation and
resolution of issues associated with repository safety and the NEA has been concerned with this issue
for several decades.

Most current repository development programmes envisage that repository development will
occur in an incremental fashion, with decisions being taken by national authorities at several steps in
the development process. It may be envisaged that safety assessments will become progressively more
refined at successive stages of the development process, with an expectation of increasing levels of
confidence that the assessed levels of safety can be realised in practice.

Repository development programmes in different countries are always at different stages and
may be addressing disposal in different geological media using different approaches; therefore
opinions can be expected to vary on where key issues remain for a given programme at a given time.

In accordance with current terminology, the safety case for a proposed facility should present
the results of the safety assessment together with an illustration of the level of confidence in the
results. The safety case should also discuss how levels of uncertainty may be reduced in succeeding
development phases.

Within the NEA, the IGSC has, as an essential role, to develop common views on the elements
of the safety case. Therefore, since the inauguration of the IGSC in 2000, six meetings were organised
with topical sessions to explore several of these key aspects. The concept of a “safety case” has been
progressively clarified in a series of initiatives undertaken by the NEA in the past decade, which
culminated with the publication of the NEA document on building confidence in a long-term safety
case [NEA 1999] and the brochure on the post-closure safety case for geological disposal [NEA 2004].

Generally speaking, the safety case is considered as one of the key requirements in a national
repository development programme. To fulfil its role, it needs to be structured, technically argued, and
supported, with a clear link to the step-wise decision-making process such that the level of confidence
supports the commitments to be made at each relevant step. Deep geological disposal is conceived as
passively safe and post-closure safety must rest on the main protective functions of waste isolation and
of the limitation and retardation of radionuclide release. Beginning in the period prior to the
construction and possibly continuing up to closure and even longer, monitoring of various site and
related repository parameters may be part of strategy for safety case and will help in the review of
continuing work without compromising the long-term safety. Monitoring may also be implemented to
assure societal comfort and acceptance.

Monitoring may include confirmation of the high quality of the engineered barrier systems and
of the host formation and/or information about their responses to the construction, operation, or
presence of the repository. The plan for monitoring should be carefully considered during the period of
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site characterisation that precedes it, and most countries that are involved in the development of deep
geological repository for radionuclide waste are in the process of formulating ideas and guidelines
concerning why, when, and what monitoring activities should be conducted. An important
consideration is also how these activities could be undertaken and how they could be reported in a
transparent and comprehensive plan for programme development.

The first step in this process of defining a monitoring programme is to define what “monitoring”
means in terms of the needs to be satisfied and the activities to be performed. Some national and
international organisations have been working to provide such definitions, and some are now planning
a programme of work to address the identified needs.

This report summarises the outcomes of a topical session focused on the role of monitoring in a
safety case. It was held as part of the 6" plenary meeting of the IGSC. This session took place in
Issy-les-Moulineaux, France, on 3 November 2004. It was attended by 39 participants, representing
waste management organisations and regulatory authorities from 15 NEA member countries, the
IAEA and the European Commission.

The main purpose of this topical session was to create a platform for exchanging views on the
key monitoring issues of interest to build confidence in a safety case e.g. relationship with the
post-closure phase, functions, requirements, and to determine to what extent the main actions are to be
addressed by the IGSC on its ongoing activities on defining the elements of a safety case.

The topical session was indeed mainly aimed at exchanging information on:

e National strategies or programmes in NEA members’ countries. Member countries have
organisations planning their own strategy, but some are already, to some extend engaged in
implementing monitoring activities, e.g. Posiva Oy, US-DOE-YM, Andra.

e Feedback from international projects, e.g. the EC Thematic Network on “The role of
Monitoring in a Phased Approach to Geological Disposal of Radioactive Waste”, and the
IAEA programme of work.

o The expectations of regulators, e.g. SKI.

Part A of this document summarises the material orally presented and provides the main lessons
drawn from the presentations and the discussions that followed them. The overheads presented are
compiled without any further elaboration by the NEA Secretariat as Part B of the document. Part C
gives the list of participants. It is hoped that the document as a whole provides a synthesis of current
issues in monitoring of a deep geological disposal facility.

10
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2. SUMMARY OF PRESENTATIONS

a. Why monitoring?

As stated by J. Alonso, ENRESA and chairman of the topical session, safety assessments are
performed periodically throughout successive repository phases such as planning, construction,
operation, closure and post-closure. They are used to develop and progressively update a safety case,
which is a formal compilation of all the evidence, analyses and arguments that substantiate the claim
that the repository is safe. A safety case becomes more and more comprehensive and robust as a result
of the work carried out and the experience gained including any pre-closure monitoring phase. As part
of the step-by-step approach to repository programme development, various stakeholder groups such
as regulators (compliance), implementers (support of safety case) and other stakeholders (confidence)
call for a large amount of data and information on the site and the repository system. Monitoring
programmes can contribute to these needs.

Various types of monitoring can be foreseen with respect to the following main objectives:
(i) characterisation (e.g. modelling; system definition), (ii) compliance with requirements, and (iii)
performance confirmation (agreement with predictions). Safety after closure is provided by the passive
protective functions of the geological environment and the engineered barriers.

The monitoring programmes need to be adapted to several constraints:

e The long-term performance and protection goals set limits to what kind of measurements can
be carried out in current or successive phases of repository development. Monitoring devices
and monitoring activities shall not represent an undue risk to those fundamental goals.

e Long-term (post-closure) safety should be independent of the monitoring activities
(requirement on passive safety). Monitoring provisions should not be regarded as a basis for
relaxation of that principle.

e The state-of-the-art in technology, and the course of technology development, set limits to
what is possible now and in the future (the need is to apply available technology appropriate
to the purpose).

e The slow evolution of key processes (that could last for more than thousands of years) sets
limits to what can be observed through practical monitoring programmes (e.g. using mock-
up, experiments in URL or in repository itself).

e There are obvious limits to the number of locations where the data can be obtained through
monitoring. The quantification of the spatial distribution of any entity is in general made by
indirect means (e.g. modelling).

11



NEA/RWM/IGSC(2005)3

The key considerations as regards to monitoring are:

e The definition of the monitoring strategy and related programme (When? Why? What?
Where and How?).

e The soundness of the monitoring programme through a clear identification of its purpose, its
limitation and its contingencies.

e The balance between data demands and constraints.

b. What does monitoring mean?

From the oral presentations, various definitions or categorisations are being suggested according
to the national context and corresponding objectives for monitoring. In some cases, additional words
e.g. “surveillance, compliance monitoring, observation...” are utilised in order to better distinguish
each of the aims of monitoring activities. In addition, other languages may not have exact matches to
any of these English-language terms. The followings list an example of definitions from the various
presentations:

e OPG definitions “see report N° 06819-REP-01200-101106-R00”

“Monitoring is the continuous or intermittent observation and recording of condition; in
the case of a Deep Geological Repository three categories are suggested:

- Baseline Monitoring: to collect initial data about the site conditions for a deep
geologic disposal (DGR) facility before any significant site disturbance has occurred in
order to have a baseline with which to compare all subsequent compliance and
performance monitoring observations and measurements.

- Compliance Monitoring: to ensure that all institutional control long-term (LT)
requirements for a DGR are met that involve worker, public and environmental safety.

- Performance Monitoring: to assess the LT validity of the implemented design for a
DGR relative to its specific requirements and its intended purpose and to build
confidence in the understanding of physical and chemical behaviour processes.”

e Andra definitions “see slides of the oral presentation at the topical session”

“Three main motivations:

*  Respect of operational safety and regulatory requirements

*  Acquisition of data to allow a deeper understanding of processes, models and
parameters for LT safety

*  Reversibility

Two main distinctions.

»  Observation: linked to giving information for scientific and engineering
understanding and the reversibility process

o Surveillance: for operational safety (Classical and nuclear operational safety
“Early warning” allowing for needed flexibility to conduct
unscheduled maintenance work)”

12
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o EC definition “ ref: EUR 21025 Thematic network on the role of monitoring in a phased
approach to geological disposal of radioactive waste”

“The monitoring is continuous or periodic observations & measurements of engineering,
environmental, radiological or other parameters and indicators/characteristics, to help
evaluate the behaviour of components of the repository system, or the impacts of the
repository and its operation on the environment, and to help in making decisions on the
implementation of successive phases of the disposal concept”.

e JAEA definitions

In the IAEA TECDOC 1208 report on “Monitoring of geological repositories for high-level
radioactive waste” of 2001, monitoring is: “continuous or periodic observations or
measurements of engineering, environmental or radiological parameters, to help evaluate
the behaviour of components of the repository system, or the impacts of the repository and
its operation on the environment.”

In the IAEA Safety Series report No. 35, on “Surveillance and Monitoring of Near Surface
Disposal Facilities for Radioactive Waste” of 2004, monitoring is defined as “The
measurement of dose or contamination for reasons related to the assessment or control of
exposure to radiation or radioactive substances, and the interpretation of the results” and
surveillance is defined as “Activities performed to ensure that conditions at a nuclear
facility remain within the authorised limits. For a near-surface repository, surveillance
normally continues past the periods of operation and closure”.

c. How is monitoring handled in national programmes?

In Finland, Posiva’s technical concept for spent fuel disposal is based on passive safety. After
the disposal is done, the plan is to close and seal all the access ways to the repository, and the design
of the repository system should provide all the necessary safety functions after that. Passive safety is
also required by the existing rules and regulations in Finland. Nevertheless, both the Nuclear Energy
Act and the specific regulations foresee the possibility of some kind of post-closure monitoring for
some period of time. The reasons for these stipulations seem to be related mainly to the safeguards
needs, but in the discussions around the Environmental Impact Assessment the desire for long-term
monitoring was also related to safety purposes. In any event, according to the present rules the
responsibility for post-closure monitoring is left to the State.

Taken the present rules and regulations, Posiva Oy is not planning to rely on post-closure
monitoring in the safety cases that will be prepared for the application of the construction license.
However, Posiva Oy has implemented a programme for monitoring the effects of the construction and
operation of the ONKALO underground rock characterisation facility, the excavation of which started
in September 2004. Particular monitoring needs arise from the fact that the ONKALO is being
constructed at the actual repository site and it is intended to become a part of the repository.

The main objectives of the ONKALO monitoring programme are related to the need for
observing and controlling the changes that will occur in the host rock and surface environment
because of the construction and operation activities. The pumping of the inflowing groundwater from
the ONKALO means that the ONKALO also acts as a large-scale pumping test, and the monitoring
system is needed to collect the information about the related hydraulic and geochemical response of
the environment.

13



NEA/RWM/IGSC(2005)3

The monitoring programme extends to several areas: Geohydraulic, hydrogeochemical and rock
mechanical measurements are carried out to follow the changes in the bedrock; in addition an
extensive programme is devoted to monitoring possible effects in the surface environment. The main
concern is about possible changes in groundwater salinity in the repository host rock. The inflow to
the tunnel will probably lead to an up-coning effect of the more saline groundwater under the planned
repository. One important objective of the monitoring system is to enable early warning about major
changes in the salinity conditions.

In the present mode the role of the ONKALO monitoring system is mainly confirmative and
controlling: confirmative as it may increase understanding of the function and long-term relative
stability of the host rock; controlling as it enables early observation of changes with negative bearing
on long-term safety. Whether it could also be used to provide support for some performance models of
the EBS is yet to be developed. In any case, at the moment the direct monitoring of repository
performance is not considered possible without seriously compromising safety functions of the
disposal concept. Of course, technical developments may change the situation in the future. Posiva Oy
is monitoring such developments internationally.

In US, and in particular for the DOE Yucca Mountain repository, monitoring is considered
to be a significant element in the Performance Confirmation (PC) programme that focuses on the
performance and functionality of the disposal system for the purposes of the licensing decision. Other
testing and monitoring programmes may deal with other considerations such as increasing confidence
or system optimisation aspects.

The purpose of the performance confirmation is:

e to develop a program of tests, experiments, and analyses to evaluate the adequacy of
the information used to demonstrate safety , and

e to demonstrate that the system and the sub-system components (i.e. barriers) are
operating as anticipated.

The performance confirmation activities are classified depending on their purpose e.g.
engineering testing and evaluation (to verify the robustness and performance of engineered barriers),
science testing and evaluation (to confirm modelling capacity, data etc.). For the license update to
allow closure, there is a need to show that safety is still to be expected after closure, and that what has
been said has been done.

US-DOE has developed a decision analysis approach with aims as followed:

e to provide a consistent and sound basis for evaluating and comparing performance
confirmation activities;

e to use a formal multi-attribute utility analysis in its first phase to develop test and monitoring
“portfolios” and in the second phase for management use. Phase one aims to assess the
candidate activities against activity evaluation criteria (defined by the initial workshop
participants consisting of technical investigators and performance assessment (PA) analysts
and managers). During dedicated workshops, those participants estimate the utility of a
specific activity, PA managers providing the necessary management value judgements by
reviewing the overall utility. Phase two aims at developing and evaluating alternative
portfolios (each candidate activity must demonstrate compliance with basic regulatory
requirements and additional requirements such as cost-effectiveness, regulatory robustness
and coverage). Phase three consists of selecting portfolios, and phase four consists of

14
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updating the program by, for instance, adding one or more activities on the basis of new
information (flexibility principle).

The performance confirmation activities plan will be regularly revaluated and updated.
Actually, from twenty activities, eleven were begun during the site characterisation (e.g. unsaturated
zone testing) two of them will be carried out during the construction phase (e.g. seal testing) and seven
activities will begin during operations (e.g. corrosion testing, drift inspection).

The path forward for the Yucca-Mountain-DOE performance confirmation is mainly to define
activities (what, when, where and how), to establish the expected baseline for performance
confirmation activities (required by regulator), to identify and develop test plans and procedures, to
develop an integration group to asses data as a whole, and to define process for defining, detecting and
reporting variances and for deciding on the appropriate action.

In France, with regards to the monitoring of a reversible repository in a clay host formation,
Andra utilised international references as input to develop its own strategy and program, e.g. [AEA
TECDOC 1208 and DS-154 2004, NEA 2001(reversibility and retrievability), EUR 21025 EN.
Additionally, the French safety rule RFSIIL.2.f, which aims to provide guidelines but is not a
regulatory requirement, deals with “general provisions concerning explorations”. The RFSIIL.2.f
distinguishes between exploration conducted from the surface, investigations to be carried out in the
Underground Research Laboratory (URL) and monitoring of changes in the site while the repository is
in operation.

The monitoring programme responds to the three main motivations:
1. the respect of operational safety and regulatory requirements;

2. the acquisition of data to improve the understanding of processes and parameters underlying
the long term safety assessment; and

3. reversibility.

In that respect, Andra defines monitoring terminology by distinguishing two main activities:
(i) observation (for scientific and engineering understanding and reversibility) and (ii) surveillance
(related to operational and long term safety).

Surveillance to contribute to the operational safety of a repository, e.g. surveillance of drift
stability, fire and radiological hazards, is in line with other classical and nuclear operational safety
principles and practices.

Surveillance to contribute to long term safety can provide input to periodic re-evaluations of the
safety analysis of a geologic repository, with a view of improving system understanding and
confirming data in situ, prior to final closure of the repository. As such, it is in line with the usual
regulatory guidance for Nuclear Power Plant (NPP) facilities. While it will not provide direct data on
the long-term evolution of the system, it may provide some data, for example related to initial
conditions or to an early transient phase, for implementation into long-term evolution models.

This type of surveillance should not be considered as a way to compensate for the lack of
knowledge at a previous stage. Indeed, enough confidence in models and parameters contributing to a
safety case will have been acquired, for instance in a URL, prior to authorisation and operation of a
repository. Such prior knowledge, however, can not be tested on the full pre-closure time scale or
length scale of a repository.

15
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The observation of host rock and repository component evolution provides information to
stakeholders throughout the pre closure period. Such added knowledge may contribute to improve
stakeholder confidence in the process. It is taken into account to support the decisions pertaining to a
step-wise, reversible repository management. For example, it may support a decision for disposal cell
closure, it allows evaluating the feasibility of waste retrieval at successive stages of a stepwise closure,
and it may contribute to update the design of disposal cells or access drifts yet to be built.

Monitoring activities are subject to repository-specific constraints such as: materials must not
interfere with operational safety; material must not reduce long term safety significantly; materials
must operate under expected environmental conditions. The establishment of monitoring activities will
draw on similarities with other systems that are subject to monitoring activities (e.g. monitoring of
concrete and clayey structures in dams, steel structures in pipelines, railway tunnels, etc.). The key
lessons from those activities point to the importance of the correct interpretation of measurements and
the need for redundancy, as well as for pre-testing and careful installation of monitoring equipment.
The selection criteria for adequate monitoring methods include safety, robustness and ease of
integration in an automatic data acquisition network.

Andra outlined a potential and preliminary monitoring strategy, as part of a repository
feasibility study. It is based on available experience gained in other large civil engineering projects.
Some of the key elements are as follows. The strategy acknowledges the need to compromise between
needs and constraints. It focuses monitoring efforts on a few representative waste disposal cells. It
takes into account the evolving nature of a monitoring programme throughout the step-wise process of
the pre-closure period. The long term performance of safety functions should not be degraded by
monitoring equipment and activities.

As a conclusion, monitoring can be viewed as a way to inform the safety case and to provide
additional arguments to build confidence in a safety case. It also helps to assess regulatory compliance
during the operation phase in line with other nuclear and other classical practices. However,
monitoring during the operational period is not intended to support the pre-operational safety case and,
therefore, it does not aim to compensate for a lack of confidence in the results of the site
characterisation, or the URL experiments. Monitoring is an additional level of the defence-in-depth
approach, using technical know-how when available and adapting it to the specific context of deep
geological repository.

In Canada, the deep geological repository (DGR) concept presented for a federal
environmental assessment (study from 1990-1997) included an overall monitoring approach, which
avoided intrusive long-term monitoring that could compromise system safety. A review panel
considered that the concept was technically safe but stated that “... a system of early detection of
failures, inside the vault or close to it, should be built into the defence-in-depth approach.” It was
recommended that a “modified AECL concept” be adopted, which would include better technologies
for safe post-closure monitoring and retrieval. Presently, there are no specific regulatory expectations
on monitoring for a DGR; CNSC S-224 provides expectations on nuclear facility environmental
monitoring.

In accordance with the two main repository programme phases, two categories of monitoring
could be defined:
1. The pre-closure monitoring with the following objectives:

- Obtain data to assess site suitability and establish baseline for identifying repository
effects.

16
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- Demonstrate that repository meets regulatory compliance, performance, and safeguards
requirements.

- Detect performance problems so that corrective actions can be taken.
- Allow stakeholders to gain sufficient confidence in performance/safety of repository to
proceed to closure.
2. The post-closure monitoring with the following objectives:

- Demonstrate that the repository continues to meet compliance, performance, and
safeguard requirements.

- Support assumptions made in the safety case.
- Detect anomalous behaviour so that remedial actions can be taken as necessary.

- Allow stakeholders to gain confidence in safety of the closed repository.

OPG’s strategy on monitoring consists of an approach that covers all phases including long-
term monitoring options. This would be a staged approach, with detailed/invasive tests early, and then
gradually less intensive/intrusive monitoring as confidence is increased in the repository performance.
There would be an extended monitoring phase after operations (e.g. 70 years) in which underground
access would be maintained. After closure, any further long-term monitoring would not compromise
the passive safety.

d. What are the regulatory expectations on monitoring?

Considering regulations expectations in Sweden, SKI presented an example of the evaluation
of the role of monitoring in the context of performance confirmation (PC) for the engineered barrier
system. A series of long-term experiments in the Aspd hard rock facility (prototype repository, backfill
and plug test, long-term buffer experiments) have PC related objectives even if PC does not have a
formal role in the same way as in the US programme (PC is defined in USNRC 10CFR Part 63 as:
“the program of tests, experiments and analyses, conducted to evaluate the adequacy of the
information used to demonstrate compliance with long-term safety standards for a geological
repository.”) The performance confirmation is not mentioned in the Swedish regulations and on
monitoring SKIFS 2002 merely provides the following requirement “the impact on safety measures
that are adopted to facilitate monitoring or retrieval ... shall be analysed and reported...”

A series of workshops about KBS3-EBS has been organised by SKI in order to evaluate
different aspects of SKB’s programme for development of engineered barriers. In view of testing the
performance confirmation (PC) approach to the Swedish context, one of them considered the
performance confirmation related activities at the Aspd facility. The other workshops have considered
the isolation concept in general and manufacturing as well as testing. The format of these workshops
consisted of presentations, questions and informal hearing of the implementer SKB and a summary of
SKI’s impressions from SKB’s responses.

The presentation focused on main conclusions of the workshop dealing with the performance
confirmation for the engineered barrier system that took place in 2004. Even direct confirmation of
long-term safety can not be achieved, information about certain aspects of the EBS evolution can
probably be achieved within a reasonable timescale (early saturation behaviour, thermal evolution, and
early chemical evolution). Such results might confirm or contradict the predictive models.

Performance confirmation and long-term monitoring were in general considered as helpful
methods to reveal any unexpected feature in the behaviour of the key repository components. The
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experience gained from the PC and other testing has been valuable in the sense that it has increased the
understanding of processes that may occur in a radioactive waste repository and has also enabled the
development and demonstration of engineered techniques (e.g. canister emplacement). In a mature
programme, almost all activities are related to performance confirmation and may be integrated in a
wider programme of Research and Development (R&D) repository development and safety
assessment. The Swedish regulators will evaluate the PC activities but most probably will not establish
prescriptive PC criteria. Regarding monitoring, it was observed during the workshop that the
sufficiency of ongoing long-term experiments may depend on the type and intensity of monitoring
during repository construction and initial operation. Monitoring is seen to contribute to confirmation
of site specific models but also to inform a decision to continue from initial operation of the repository
to regular operations. A demonstration tunnel (a temporary facility in a future repository which would
enable e.g. instrumentation of the buffer in spite of real fuel canisters emplaced) should be considered,
since it might be an efficient method to meet PC objectives. With regards to further preparations for
license application reviews, the workshop suggested developing comprehensive detailed plans tailored
to the review of each particular application, establishing a working group devoted to issues related to
the buffer and backfill, and assessing in more detail specific examples of SKB’s conduct of
experiments and modelling work aimed at demonstrating predictive modelling capabilities and
confidence building.

1. International projects on monitoring

The EC thematic network on the role of monitoring in a phased approach to the geological
disposal of radioactive waste' brought together expertise from twelve organisations from ten countries.
It was started in 2001 following on from an earlier EC study of retrievability and reversibility (EUR
19145 EN), and completed in 2004 with publication of the final report (EUR 21025 EN).

The project mainly aimed to:

e Understand the approaches to monitoring in each national programme and their dependency
on concepts & approaches.

o Distil consensus views and recognise alternative approaches to monitoring.
e  Share technical knowledge and experience.
e Communicate views and experiences.

Participants from the projects looked at various definitions of monitoring in relation to a phased
approach to disposal, and achieved a consensus on the following: “Continuous or periodic
observations & measurements of engineering, environmental, radiological or other parameters and
indicators/characteristics, to help evaluate the behaviour of components of the repository system, or
the impacts of the repository and its operation on the environment, and to help in making decisions on
the implementation of successive phases of the disposal concept”. That definition is mainly based on
an IAEA definition with a few modifications and, in particular, by adding the fact that monitoring has
a role in making decisions. Various alternative approaches to make decisions and achieve goals were
analysed and the need was stressed for a flexible schedule with a degree of concept flexibility.

1. Excerpt of the NEA confidence document of 1999 “discrete, easily overviewed steps [that] facilitate the
traceability of decisions, allow feedback from the public and/or representatives, promote the
strengthening of public and political confidence in the safety of a facility along with trust in the
competence of the regulators and implementers of disposal projects.”
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The project achieved a consensus on the following principles:

(1) monitoring has a role in underpinning and verification of operational safety (compliance
monitoring);
(i1) long-term (post-closure) safety must be assured by design

— it cannot rely on monitoring, although monitoring may be implemented for other
reasons

— monitoring must not be detrimental to long-term (post-closure) safety

(ili)  monitoring within a phased approach to disposal will inform decisions about moving to
the next phase, and will need to encompass wider societal considerations;

(iv)  monitoring post-closure may be implemented — it will be maintained for as long as society
requires.

The project also provided the following relevant reasons for monitoring: part of scientific
investigation programme, safety demonstration, regulatory requirements, nuclear material safeguards,
confirmation of key assumptions (in view of post closure safety) and confidence building.

As conclusions the Thematic Network achieved the following main findings:

e technology for monitoring already exists and is being implemented in various national
programmes. Technologies do have limitations however and these need to be understood;

o the monitoring activities will be different according to the phase reached within the phased
disposal programme, and implementers should recognise that the monitoring objectives and
techniques will change as they progress through the various phases;

e monitoring activities should be implemented within the framework of a strategy developed
to meet the needs of the national programme and societal expectations.

The IAEA provided information on various reports on monitoring issues that are in progress or
close to publishing. Monitoring is viewed through safety standards, e.g. RQ 20 on geological disposal.
In that document, two paragraphs present the place of monitoring within the step-by-step process,
aiming to avoid compromises with the overall level of post-closure safety.

The TAEA is developing a new safety guide DS-334 on geologic disposal discussing the whole
life cycle of a geological repository including the safety case and design development, site
characterisation, construction, operation, closure, and the post-closure control of the repository. Some
sections will also touch on monitoring. Various existing materials are used as sources for establishing
the DS-334: the DS-62 (its draft is close to completion on strategies for monitoring), the IAEA
technical report on monitoring (monitoring purposes and using monitoring information) and the safety
report No.35 on “surveillance and monitoring”. This last report looks at the potential linkage between
surveillance and monitoring, going through the various phases. Some definitions of the related terms
are discussed.

The forthcoming DS-334 will be submitted to the Waste Safety Standards Committee

(WAASC) in October 2005 for approval to send to Member States for review. A possible safety report
on surveillance and monitoring of geological disposal facilities could be then undertaken.
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3.  OUTCOMES

. Terms and concepts

On the basis of the presentations and discussions at the Topical Session it is evident that various
contents and meanings are attached to terms such as monitoring and surveillance. A distinction is
usually made between specific monitoring activities and the site characterisation work in general, but
the distinction is not always there. As noted in the EC report “on the role of monitoring in phased
approach to the geological disposal of radioactive wastes”, only repetitious observations or
measurements are usually considered as monitoring.

Further, the term “monitoring” in this Topical Session was mainly used for those tests and
experiments that were carried out at the real site of the repository, but in some presentations a more
general context was taken. Some participants made a sharp distinction between monitoring and
surveillance — surveillance meaning broadly the same as “compliance monitoring” and only applicable
to licensees — but this distinction may be partly due to the different usages of similar words in different
languages.

In addition, it turned out that different definitions were used in various IAEA documents. In
some [AEA documents “monitoring” was narrowly related to doses and contaminants only, whereas in
other documents a broad definition similar to that endorsed by the EC project was proposed.
According to the IAEA usage, “surveillance” was only related to monitoring of compliance.

There also seemed to be some differences in how the scope of the topical session was
understood. Some speakers were looking for direct input to safety case from monitoring, whereas
others included various indirect considerations as well.

. Need for monitoring

There was consensus that pre-closure monitoring is needed. There was also a consensus that the
case for long-term safety cannot rest on monitoring Indeed, one key issue concerns the possible
interference of monitoring activities with the performance of the disposal system.

Some regulations explicitly denounce any monitoring activity that might affect (“compromise”)
the long-term safety of the repository, whereas some others leave the door open for some impact as
long as it is not significant. In some countries monitoring plays an active role for decision-making and
important decisions to move on in the programme will be subject to information from the monitoring
activities. In other countries it may have a more or less complementary or confirming role without pre-
planned connection to the decision-making process.

However, even in the latter case the programmes will have to allow for the possibility that the
monitoring activities bring out information that needs to be taken into account in the implementation.
In that sense, any fixed or “linear” design is hardly possible in the long-run, instead, all programmes
have to adapt to new information whenever it may appear (flexibility principle). However, different
approaches to monitoring may be linked to different geologic media: the risk arising from an
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abandoned repository may be less for repositories in clay or salt media where self-sealing is possible
than for repositories in crystalline rock, where an open access way to the repository is not desirable for
passive safety.

. Roles of monitoring in a safety case

The monitoring can play various roles in safety cases depending on the step where the
programme stands but also on the specific objectives attached to the monitoring programme. Three
types of monitoring objectives may be distinguished:

The compliance monitoring:

- to check that the rules and regulations are followed and the actual construction/operation
take place according to accepted plans and designs,

- to check that the conditions in the repository and host rock are within expected/approved
limits, and

- to ensure that some basic assumptions behind the safety case continue to be valid.
The monitoring for the explicit support of a safety case:

- to obtain qualitative evidence and build confidence — or actually confirm the performance
(Performance Confirmation): This may take place in the actual repository using actual
waste packages or it may be located in a separate testing ground (possibly at the same site
as the actual repository). In the former case, care must be taken to avoid any harmful effects
on the site or repository. In general, the possibilities for proving the safety functions of the
repository by monitoring activities are judged to be limited by using existing technology,
but future developments may relieve some of the present constraints.

The monitoring to detect system/component failures:

- In many countries, the public is interested in disposal systems that — although passive —
would still be repairable if observed to fail. Therefore there is interest in monitoring that is
able to detect failures. As noted above, technology may not be available for such purposes
today, but future technical developments may produce some means to that effect.

Independent of the precise objectives, in the present thinking monitoring activities are
considered as a way to inform the safety case but not as a way to compensate for a lack of data.
Each decision step must be supported by an adequate amount of information. Subsequent
decision steps may be better informed because of monitoring and performance confirmation
type activities, but this does not mean the basis for the previous decision step was allowed to be
inadequate for that step.

. Broader perspective

Besides purely technical reasons, monitoring activities are presently planned as a tool in the
stepwise process in which programme decisions are tied to the amount of information and the level of
public trust. Comparisons of the observations from the site or the repository system with the
predictions and assumptions are thought to contribute to increasing confidence by the public and other
stakeholders including decision-makers in the safety of the repository. Such monitoring activities will
be useful and even indispensable, but, still, the public may call for more. The call may be for direct
demonstration of the repository functions or more control of the future evolution of the repository
system.
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The request for control is generally expressed in the requirements for retrievability or
reversibility and is consistent with the general trend in societal risk discussion to move from
assessment and acceptance of risks to the management of risks. Instead of mere acceptance of the
proposed risk, means are sought to alleviate the risk should it ever be realized.

The call for direct demonstration of repository functions or for detection of failures would mean
higher demands on monitoring techniques. So far, it seems that monitoring can give only indirect or
delayed evidence of the correct functioning of the repository system. For more direct proofs new
technologies should be developed and tested and active decisions would be needed to invest in such
developments.
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6t MEETING OF THE IGSC
THE ROLE OF MONITORING IN A SAFETY CASE
Point 7.1

J.Alonso

(ENRESA)

2-4 November 2004

Scope of IGSC interest on monitoring

# Monitoring vs Safety Case
~ Parameters characterising FEP's

# Succesive repository phases

= Planning (incl. Scientific studies)
-~ Site characterisation

£ Construction

F Operation

F Post-emplacement
& Closure

Post-closure

Paris, 2-4 November 2004 6t Meeting of the IGSC. The Role of Monitoring in a Safety Case
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Bases for monitoring / Sources of requirements

Operaticnal Safety

. Envirenment Protection
Regulations
Safeguards
ﬂ Jl Specific

Stakeholder confidence

Decission making process (phased approach)

ipl!

Support of Safety
Assessment

Coowmee > 10

Cluality assurance { Verification of quality

Paris, 2-4 November 2004 6™ Meeting of the IGSC. The Role of Monitoring in a Safety Case

FEP characterisation (scientific

CHARACTERIZATION razes)

System characterisation

s of Monitoring in relation with Safety Assessment

Characterisation

Phenomenological understanding
Site description

Material specification

System definition

Predictive modelling

Compliance with requirements
As required by regulations

Conformity of activities with specifications

Performance confirmation (agreement with predictions)
Post-closure Safety is based on predictive modelling
Passive system (but evolving)

System robustness
Multibarrier principle

Uncertainty analysis

Paris, 2-4 November 2004 & Meeting of the IGSC. The Role of Monitoring in a Safety Case
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# Primordial functions of the repository system

Provide Safety, egpecially long term Safety
but: confidence in Safety is required

# Passive system (post-closure phase)
# Technological development
# Spatial scales: variability / uncertainty

# Time frames Physical

Program
Decissional
SocietalTechnical

Evalving environmeant

Implementation over/after long periods of time

Slow evolution of key processes

Pariz, 2-4 November 2004 6™ Meeting of the IGSC. The Role of Monitoring in a Safety Case

# Definition of the monitoring programme in the phased

approach _When?

-What?
-Where?

-How?

# Soundness
- Hierarchy of objectives

- Clean identification of:
Purpose - use
Limitations

Contingencies

# Balance between data demands and constraints

Paris, 2-4 November 2004 6™ Meeting of the IGSC. The Role of Monitoring in a Safety Case
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Thematic Network on the role
of monitoring in a phased
approach to disposal
Steve Barlow

Head of Assessments
UK Nirex Ltd

nirex

Two key issues within the
radioactive waste
management community are:

« Reversibility and Retrievability

Concerted Action on retrievability of long-lived radioactive waste
EUR1T9145€en

« Phased approach to disposal
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Thematic Network on the Role of
Monitoring in a Phased Approach
to Disposal

5th EURATOM Framework Programme
Commenced 1 September 2001

Participants: 12 organisations from 10
countries

Final report published March 2004

— Thematic network on the role of monitoring in a phased approach to
geological disposal of radioactive waste EUR21025 en

Participants

Nirex, UK
ANDRA, France
DBE, Germany

Enresa, Spain

ONDRAF, Belgium
Posiva, Finland
RAWRA, Czech Rep.
SCK-CEN, Belgium
SKB, Sweden

SAM, UK

L]
L]

L] L]
L] L]

Nagra, Switzerland
NRG, the Netherlands
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Aims of the Project

e Understand the approaches to monitoring
in each national programme and their
dependency on concepts & approaches;

¢ Distil consensus views and recognise
alternative approaches to monitoring;

e Share technical knowledge and
experience;

e Communicate views and experiences.

Phased Approach to Disposal

“discrete, easily overviewed steps [that]
facilitate the traceability of decisions, allow
feedback from the public and/or
representatives, promote the strengthening
of public and political confidence in the
safety of a facility along with trust in the
competence of the regulators and
implementers of disposal projects.”

NEA, Confidence in the long-ferm safety of Desp Geological Repositories. 1939,
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Phased Approach to Disposal
Physical Geological Chemical Geological
Containment Isolation Canditioning Containment
Interim a :Lur;li:; JI m.:x:m
R Srer
concrte boxes \
o1 ] LCd
Lin LCCd
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I;h':m:‘:?:rlﬂ Mo backfill Cement-based a ﬁ ﬁ
Monitoring

Continuous or periodic observations &
measurements of engineering, environmental,
radiological or other parameters and indicators
/characteristics, to help evaluate the behaviour
of components of the repository system, or the

impacts of the repository and its operation on
the environment, and to help in making
decisions on the implementation of successive
phases of the disposal concept.
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Achieving the Goal

Alternative Approaches

* Linear staging i.e.
a clear schedule.

+ Adaptive staging
i.e. a flexible
schedule.
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France | Yes, but there is
not one answer
that fits all

Sweden
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Principles and consensus

Monitoring underpins & verifies operational safety;

Long-term safety cannot rely on monitoring;

— undue burdens should not be placed on future generations

— cannot assume that they will have capability

Long-term safety must be assured by design;
Monitoring must not be detrimental to long-term safety;
societal role must be acknowledged

— monitoring may be carried out for non-technical reasons
— monitoring may be continued as long as it is required

Reasons for Monitoring

¢ Scientific and technical investigation
programme;

* Demonstrate safe operation of the facility;
¢ Nuclear material safeguards;
¢ Confirmation of key assumptions;

e Maintaining the confidence of society (today’s
or tomorrows)
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Report Structure

+ Introduction

+ Previous work and background

+ Strategic aspects of monitoring

+ Monitoring from different perspectives

+ Monitoring requirements and constraints
* Monitoring methods and techniques

+ Summary and conclusions

+ Country Annex's

Main Findings from TN

S SS yhist technelogy exists
gy y lmitaiions must be undersieed;

piEa D the strategy within the
ol contest ef the problem;
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ROLE OF MONITORING IN POSIVA’S
PROGRAMME FOR SPENT FUEL
REPOSITORY

Juhani Vira
Posiva Oy

NEA/TGSC Meeting on 3 November, 2004
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i KBS-3 CONCEPT
ISOLATION PRINCIPLE

s §

_.
e s, o
1 ()
i

LT
b

~~~~~~~~~~

 FINAL DISPOSAL TUNNEL
gy, Y & BENTONITE

by Ty @ METAL CANISTER

Iy 7 © BACKFILL MATERIAL

& POEWA OF

39



NEA/RWM/IGSC(2005)3

B BASIC REQUIREMENTS

+ "Disposal shall be planned so that no
monitoring of the disposal site 1s required for
ensuring long-term safety ...”

« 7. _.1mplementation of spent fuel disposal
includes the following phases: ....post-closure
monitoring, if required”

« 7...potential post-closure surveillance actions
shall not impair the long-term safety”.

(Source: Government Decision 478/1999; STUK YVL Guide 8.4)

& POGEIAOY

] FURTHER NOTICES

+ according to the Nuclear Energy Act the possible
post-monitoring measures will be defined by the
Government

— STUK YVL Guide 8.4 says the design of the repository
must enable measures to preclude actions on repository

which would jeopardise safety or effect of safeguards
measures

+ need for post-closure monitoring was frequently
voiced during the EIA discussions

— the Ministry of Trade and Industry has promised to
clarify their position by the time of construction of the
repository

T & POGIWACY
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MBI IT IS ALSO REQUIRED THAT

* "The design, excavation, other construction
and closure of the underground facility shall
be implemented in the best manner with
regard to retaining the characteristics of the
host rock that are important to long-term
safety.”

(Source: Government Decision 478/1999)

& POGEIADY

M IMPLICATIONS FOR POSIVA

+ safety concept may not rely on monitoring

« design features with bearing on long-term safety
may not be compromised for monitoring purposes

+ disposal site must be kept "sufficiently open™ for
observations

« presently no plans for post-closure monitoring
(until further guidance/requirements)

« the disturbance due to excavation (and other

implementing actions) to the host rock must be
minimised (and this has to be proved)

W & PIGIWATY
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! CURRENT PROGRAMME STATUS

ONKALO UNDERGROUND ROCK CHARACTERISATION FACILITY

& POGIAOT

ONKALO: UNDERGROUND CHARACTERISATION AND
' RESEARCH FACILITY (UCRF)

TECHNICAL INFORMATION

+ Excavation volume 330,000 m?
+ Access tunnel

- length 5.5 km

— inclination 1:10

- size5.5x 6.3 m
+ Total length of tunnels 8.3 km
+ Diameter of shaft 6 m
+« Characterisation levels

— atadepthof 420 m

(main characterisation level)
— atadepthof 520 m

SHOULD BECOME A PART
OF THE REPOSITORY!

Lower characterigation leval

WD T POGIMAH
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ONKALO MONITORING PROGRAMME:
!! OBJECTIVES

* aims at

— observing changes in host rock that can be of
importance for the long-term performance of the
repository or its assessment

— obtaining data that can help in understanding local
features and processes

— obtaining information on the response of rock to
construction activities (“large-scale pumping test™)

— obtaining information of relevance to environmental
impact or occupational health and safety

+ reference: the current baseline reported in 2003

& POG1 O

ONKALO MONITORING PROGRAMME:
Il PRIORITIES

» survey of processes that may be induced by ONKALO
construction activities indicated 24 processes of high
significance

» safety concept puts main emphasis on
— relative stability of the host rock conditions
(predictability)
— long-term isolation by the engineered barrier system
* main concerns

— inducing adverse hydrogeochemical conditions (in
particular salinity changes)

— chemical messing of the site conditions (introduction of
harmful chemical substances)

e e ] & PG A O
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ONKALO MONITORING PROGRAMME:
!! REQUIREMENTS (3)

» moniforing system should reveal

— changes in groundwater salinity conditions at the
planned repository depth

— unintended fast pathways from/to repository area
— anomalous chemical or hydraulic characteristics
— anomalous rock-mechanical conditions

& POGEIACT

IMPLEMENTATION:
l! GEOCHEMISTRY

» sampling from open deep
boreholes

+ sampling and online
measurements in multi-
packered deep boreholes

» sampling from groundwater
observartion tubes and

shallow boreholes

» sampling and online
measurements of nnel

wnflow water
» sampling and online
measurements at ONKALO

groundwater stations

W & POGEIACT
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B} MPLEMENTATION: ROCK MECHANICS
* GPS-network o M g i ;r. S O T
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& POGINACT

.l IMPLEMENTATION: HYDRO(GEO)LOGY

* precipitation,
infiltration, run-off
(incl. snow and ground
frost measurements)

+ groundwater table

* hydraulic head

» fracture flow

« ONEKALO water
balance

+ evolution of saline
water interface

W & POEINAOY
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IMPLEMENTATION: SURFACE
!! ENVIRONMENT

* vegetation inventory
and properties

» animal inventory

+ aerial and satellite
1magery

* noice

+ drinking water quality
and water table
(private wells)

+ sea water quality and
water table

& PG 1A O

“ USE OF MONITORING INFORMATION

 further characterisation of the site properties
— learning from prediction-outcome comparisons

— learning from the response to construction activities
(e.g..large-scale pumping effects)

» part of the Quality Management System (QMS)

— set to comply with requirements for nuclear facilities
» control of disturbances

— expected range of observations defined

— action levels defined

— decision procedures defined for response to safety-
critical information (CEIC = Coordination of
Engineering Design, Investigations and Construction)

W & PG 1A O
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Bl  MONITORING AND SAFETY CASE

POTENTIAL ROLES:

» confirmative: enhances the understanding of the site characteristics

— to support the description of the site evolution and to assess the
future stability of site conditions
» controlling: helps control the disturbance caused by the construction
and operation activities
— to allow reliance on the (positive) site properties required by the
safety concept
» mdicative: may give supporting (or disqualifying) information on the
function of the site for the performance assessment
— e.g., redox, pH buffering. rock mechanical behaviour

» reassuring: could strengthen the public trust in safety of disposal
(help manage the risk)

& POGIAOT

I! MONITORING: PERSPECTIVES

« at the present mainly confirmative and controlling
roles

 1n the future may provide limited evidence on the
function of important processes in the rock

+ information about the performance of the EBS
would be appreciated but cannot be promised. yet

— with the present technology this would require that
some parts of the repository be kept open (which would
most likely be against STUK safety requirements)

— however, there is time to develop methods
« monitoring of the (int’l) technical and institutional
developments is important!

W & POEIWACY
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=

A Performance Confirmation
Program Planning Approach

Presented to: Integration Group for the Safety Case, Sixth
Plenary Meeting, Topical Session on Monitoring

Presented by:  Abraham van Luik
Prepared by: Deborah Barr

U.S. Department of

Qutline of Presentation

* Objectives of a Performance Confirmation
Program

* Testing and Monitoring Categories

* Decision Analysis Approach

* Performance Confirmation Activities
* Path Forward
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Purpose of Performance Confirmation

* Performance confirmation is a program of tests,
experiments, and analyses is conducted to evaluate the

adequacy of the information used to demonstrate safety

* A performance confirmation program should demonstrate
that the system and the sub-system components
(i.e., barriers) are operating as anticipated

m
NaalakBar TR W50 Modd 3

Performance Confirmation Activities

l Ragulatory

requiraments:

D Long-term
Inltlatives

YULOA MOUNTAR FROJEOT
VerlaelaetC P an WGIC Mods 4
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Performance Confirmation is Not the Only
Testing and Monitoring Program

* The Performance Confirmation Program focuses on

— Activities specifically designed to confirm the technical
basis for the licensing decision

— Testing the functionality of the barriers and total system
performance

*  QOther testing and monitoring programs focus on
— Increasing confidence
— Meeting other regulatory requirements

— Optimizing the waste isolation processes, specifically by
exploring technological improvements that could enhance

performance and reduce costs
m

| VnalakBar O G5 Modd &

Decision Analysis Approach

*  Provides a consistent, logjcal, defensible basis for evaluating and
comparing activities considered for inclusion in the Performance
Contirmation Program

*  Explicitly acknowledges that tradeoffs among different objectives and
goals may be necessary

* Uses a formal multi-attribute utility analysis in its first phase to
develop test and monitoring “portfolios”™ in a second phase for
management use

— A technjcally sound mathematical approach_for evaluating
alternatives 'where more than one objective is important

— Has been used by federal agencies, and private companies since
the late 1970s to evaluate complex decision problems

L Additiqnalglhases involved management reviews and adjustments
stemming from applying value-judgments

L ﬂlfinal phase will be the continued reevaluation and updating of this
plan

YULOA MOUNTAR FROJEOT
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Develop

.| Assign management

evaluation criteria

» Sensitivity of barrier
capability & system
performance to the

. Cunlldence in tt:.?
current representation
of the parameter

= Accuracy with which
the proposed activity
measures or estimates
the parameter

value judgments to
criteria

- Pravides weighting
function to criaria

Phase 1: Evaluating Candidate Activities

Combine
technical activity
evaluation and
management
value judgments
to get overall
utility for each
candidate activity

Define and describe
candidate
performance
confirmation activities

Evaluate activities
{technical judgments

using evaluation
criteria)

i, DL JEET
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Activity Evaluation Criteria

* At an initial workshop three criteria were defined, to be
used in estimating the potential impact of a
performance confirmation activity on the performance
confirmation program:

— Barrier capability and system performance sensitivity to the
parameter

— Confidence in the current representation of the parameter

— Accuracy with which the proposed activity measures or
estimates the parameter

+ Workshop participants included:
— Technical investigators with various areas of expertise
— Performance assessment analysts and managers

YULOA ROLUNTAR PROJECT
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A Detailed Set of Questions was Developed

Around Each Criterion

« The goal of the questionnaire was to elicit technical input on
how well proposed parameters and activities meet the three
criteria

« The goal of the questionnaire was to improve consistency
across model areas

*+ Workshops were held with each group of technical experts

* During the workshops

— Each group developed a comprehensive list of parameters to be
considered

— For each parameter identified, the group defined one or more data
acquisition methods that could be implemented to provide information on
that parameter

— Several activities were evaluated in each workshop by the group, using the
questionnaire

i, ISDL JEET
Ymilaelar FCR an _WGSC Mol B

—

Estimating the Utility of a Specific Activity

| Owerall value of including the parameter and activity (“Utility™) |

— i

Walue of "perfect
information” on the

Accuracy with which the
proposed activity capiures the

parameier parameter valus
"‘a..;;--_________ L —
S, "'——-___ | “‘"m.__h_
| e,
How liksly is How likely is How likely is | \\ T,
“perfect information” | | “perfect ‘perfect I| W “Directness”
on the paramster o information™ on information™ on | * | efthe
change estimated the parameter to the parameter to | | measurement
sysiem change estimated change ', S
performance by »= barrier conceptual | ™,
0.1 mrem? performance? madels? 'I ™
— | Acouracy
_.:,?-"—___ > L I Accuracy capiuring
o — - capturing sial
s = - spatial
ensitivity of Sensitwity || Confidence in Sensitvity of tamporal S
system of barrier current W
Harmance e representation conceptual changss
e ” capability — - models

—
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Performance Assessment Managers
Provided the Necessary
Management Value Judgments

* Managers reviewed the overall process and endorsed the
specific criteria being used to evaluate activities

* Managers answered a series of tradeoff questions,
designed around the technical questions used in the
guestionnaire, to establish management value judgments
about the relative importance of the criteria

*  Management value judgment used in conjunction with the
technical judgments to establish the overall utility for each
activity

* Participants included the manager of the performance
assessment project and the manager and/or deputy for
related subprojects: natural systems, engineered
systems, performance assessment strategy and scope,
and the performance confirmation manager

i, ISDL JEET
Ymilaelar PO an _WG5C Modd 11

Phase 2: Developing and Evaluating
Alternative Portfolios

Develop portfolio Define activities .
p - . included in each Evaluate portfolios
philosophies .
portfolio

- Basic reguirement: al'la' + Using the results of Phase 1, -Porifolios are compared in
portiolic must meet regulatory assign aciivities io porifolios terms of regu’atory rebustness,
reguiremenis based upon the portfolic overall utlify scoring (cost
. Beyond the basic philosophy. effectweness), and cost.

requirement, consider
portfolios defined around:

—Cost-effectveness

N

—Testing specific Portrolio & Paorttolic B E 2 H
hypotheses Aciviy 1 EHT% 2 : i
—Maxirmizing regulatory Aty 2 Sty = _—I—'_| FI ':' I: |
robusiness an::lg ACIey € Aoy 4 c =
coverage ACIVEY 12 AN B - y
age Aciiviy 2 Aczhizy 11 =8 =
—Maximizing in situ =™ n
activities ] E -
—Maximizing off-footprint Eﬁ . [==="11:
activities EE "
—Maximizing use of pre- =1 "
emplacement data e
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Rationale for Portfolios

= Each candidate activity contributes to demonstrating
compliance with one or more regulatory requirements

* The best portfolio does not necessarily result from
ranking activities by utility, cost, or the ratio of utility
to cost

— Some regulatory requirements are not captured by the
technical judgments and management value judgments input
to the utility

— Activity evaluations do not account for potential synergies

* Some costs cannot be assigned to individual activities
(e.g., observation drift construction and remotely
operated vehicle development)

* Portfolios of performance confirmation activities can
be evaluated for regulatory compliance and for total
cost

£ ] JECT
VarlaelarPCPan _Mais Maodid 13

Phase 3: Selecting the Portfolio

Reevaluate the Document

Select the portfolio »| activities (as a whole) the Performance
included in each Confirmation Program

portfolic
— Management se'scted a — Activities were removed if they — Performance Confirmation Plan
bass portfolic using a wers more appropriate for other documents the peformance
cost-eflectivensss testng programs (2.g., drift shadow confirmation program
philosophy studies development
— The baze portiolio was — Activities were removed if they
medified to increase its were focused on phenomena not
regulatory robusiness and inciuded in the system-level model

coverage, using
inform ation from the
h =sis-testing
philosophy

— An actwity was added to
cornpensate for lack of coverage
due to a removed set of activibes

— An actwity was added to increase
the spatal representatvensss of
therma’ test data

WUCOA MUUNTARN PROJECT
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Phase 4: Updating the Program

Reevaluate the Document
program activities as the Performance
neaded Confirmation Program
- Activities will be added, modified, - Perdformance Gonfirmation Flan
or changed based on new documents Phases 1
information throwgh 4 of performance
confirnation program
development

m
VaalakBar PO kSl Maodid 15

Performance Confirmation Activities

*  The process led to a series of twenty Performance
Confirmation activities and tests

= Of these twenty , eleven were begun during site
characterization:
—  Precipitation monitoring
— Seepage monitoring
—  Subsurface water and rock testing
— Unsaturated zone testing
—  Saturated zone monitoring
—  Saturated zone alluvium testing
—  Subsurface mapping
—  Seismicity monitoring
— Construction effects monitoring
—  Corrosion testing
—  Waste form testing

YUMOOA MDUNTAR FROJECT
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Performance Confirmation Activities
(continued)

*  Two of the twenty activities and tests are planned to begin
durlng construction:
— Saturated zone fault zone hydrology testing
—  Seal testing
* The remaining seven activities and tests are planned to
begin during operations:
—  Drift inspection
—  Thermally accelerated drift near-field monitoring
—  Dust buildup monitoring
—  Thermally accelerated drift environment monitoring
—  Thermally accelerated drift thermal-mechanical effects monitoring
—  Waste package monitoring
—  Corresion testing of thermally accelerated drift samples

m
ValakBar T e _KGEE Mo 17

Path Forward

* Define activities (what, when, where, and how)

* Establish expected baseline for performance
confirmation activities (required by regulator)

* ldentify and develop needed test plans and
procedures

* Develop Integration Group to assess dataas a
whole

* Define process for defining, detecting, and
reporting variances and for deciding on the
appropriate action

YUOOA MDUNTAR FROJECT
Vaalaklar St A0 Hodd 12
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6th 153 Mesling on 2 - 4 Movember 2002

Monitoring of IL/HL, LL waste repository
in a clay formation :
Objectives, technical know-how, implementation
strategy

Arnaud Grévoz, Stefan Mayer, Jean-Philippe Dubois,
Andra, Fr.

ASlakA

[~
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61 IG3C Mesling on 2 - 4 November 20024

Qutline

+ Context of Andra's studies

+ International references and regulatory requirements
regarding monitoring

+ Objectives of a monitoring program
+ Technical know-how
+ A possible implementation strategy

+ Conclusions

o
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Gih 1530 Mesling on 2 - 4 Movember 2004

Context - General

* French law mandates current studies on the feasibilify of ireversible or reversible
disposal in deep geological formafions, supparfed by results ablained in
underground ressarch laboratories.

* |n 1993, the French Govermnment emphagized the need to study the feasibility of a
reversible disposal process.

* A g feasibility report » is to be submitted by the end of 2005.
% Its @aim is o propose repository concepts, to study

if they can be constructed, operated and
closad safely, and to evaluate i their long term evolution
meeis reguirsments.

* The report is to rely as much as possible on concepts that are robust to
uncertainties and on well establizhed construction / operation technigues.
% Mo optimization is expected

[
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Context - General

* A parliamentary debate is expected in 2008 regarding different avenues for the
management of IL and HL LL wastes (FA&T, repository, long-term storage)

* If the French Parliament decides to go on with the project, further developments
could be

% Technical demonatrations at a large
scale inside the URL
% Experimental validations of models, surface
observations
% Technical optimization

* The regulatony process that could lead to the authorization of a repository facility
s not defined

[
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Context - Monitoring

*  The presentation will focus on monitoring of a reversible repository
in a clay host rock.

*  Level of detail is commensurate with a feasibility study

L
ANDRA - 5uR TR ADS0 080026 ANIRA
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A few references... (list not exhaustive) (1)

IAEA Tecdoc 1208 - Monitoring of geological repositories for high level radioactive waste, 2001
* “Monitoring the environment of such repositories is not therefore expected to reveal any increase of
radicactivity due io the repositony; it is planned and intended for other purposes.”

* “Monitoring a deep geclogical reposiory and its envirenment would be carmed out principa’y as an
aid to decision making.”

* “Thus, an mportant aspect of monitoring during the operatonal phase and any subsequent pre-
closure period, is to enhance understanding of those aspects of the safety case thatitis
feasible to address over a period of several decades.”

* “In general. the approach will be to accumulate information frem the construction and cperation
stages to allows the design of the repository 1o be checked, refned and. whers necessary, modifed.”

* “In some cases, monitaring may be used to provide information about the retrievability of the waste,
if such an option is included in the dispesal strategy of the country.”

+ Cltis clearly preferable that any mondorng system, whether devised for use during operation or after
closure, should not intrude infe the barriers designed to contain radicnucides.”

IAEA D5154 (Draft Safery Requirements), 2004
*  Reguirement 21 : Monitoring programmes

520, Monitoring will be required durng each step of disposal facility development. Purposes may
include providing baseline information for (ster assessments. assurance of operational safety and
facility operability, and measurements to confirm conditions consistent with long term safety.”

-
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A few references... (list not exhaustive) (2)

HEA RWMLC : Rever:
+ “Forinstance, a license or permission for the construction and operation of a repository (i.e.,
for the emplacement of radicactive waste packages) will be reviewed at specified intervals in
order to verify that adequate assurance of the long-term safety of the repository is

preserved.”

lity and Retrievability in Geologic Disposal of Radioactive Wasre, 2001

+ “the application of nuclear safeguands 1o a repository in which the wastes reman “retrievab’e” has
not been worked out yet and deserves further attention;”

+ “Beginning in the perod prior to construction. and confinung up to closure, monitoring of varicus
ste and repository parameters wil provide information for safety assessment. This may include
confimnation of natural site condifions, understanding of the response of the natural system fo the
presence of the reposiony, and the eary evolubion of the engineesred elements ”

+ “The plan for monitoring related to performance should be carefully considered and reasonsd
argurmenis applied so that the relevance of measured parameters to eventual long-temmn safety is
knowm.”

* “During the cperational pericd, and any extended open pericd that follows it, monitoring of rock
stability, the underground environment, and waste package conditons will be needsd ™

¥ “The daim of retnevability implies monitoring to check to contnued feasibdity of the waste retrieva
opton over the pericd for which it is claimed.”

-
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A few references... (list not exhaustive) (3)

EUR 21025 EN : Thematic network on the role of monitoring in a phased approach o
geological disposal of radioactive waste, 2004

¥ 7] and the subject of monitorng is now perceived as one of increasing importance as some
repositony programmes spproach the phase of construction.”

¥ “All the paricipants of this Thematic Metwork agree on the importance of monitoring related to
establizhing baseline conditions, maintamng operationa safety, compliance (including
safeguards) and in suppeort of model confrmation regarding post-clesure safety.”

¥ “The extent of monitoring should be limited to that which could reveal useful results for the
aecision making process or for the confimnation of safety.”

v “This report emphasizes that there s already extensive experience of monitoring relsted to the
field of radicactive waste disposal from sie invesligations. experments in URLs and relevant
expenences from operating other nuclear facilities. Relevant experience also comes from
outside this field, for example, from the monitoring of large engineered structures, such as dams
and underground openmngs. which has taken place ower many decades”

¥ "The extent of monitoring that is either appropriate or useful to implement is, however, a
sensitive question and depends on implementation strategies.”

L2
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A few references... (list not exhaustive) (4)

National Research Council - One step at a time — The staged development of geologic
repositories for high-level radicactive wasre, 2003

v “Bdaptive Staging cannot exist without adequate monitoring.”

¥ "While Adaptwe Staging calls for a measured pace of program development and
implementation. s cbjective is net 1o delay the program but to assure carefy’ consideration of
what s being learned and to focus on program progress rather than on meeting pre-amranged
rigd milestones.”

v Clteratve assessment of the safely case s the fulerum around which decisions are made.
This means that the safety case is used in Adaptive Staging as a management tool to
guide the implementer's actions during repository development.™

v ‘The decision-making process separating stages is refemed io as a "Decision Pont™. &
Decision Point is not just @ “point” in time, but a process involving analyses, review, and
evaluations, as well as the consequent decisions for future actions.”

-
ANDHRA - sum T ADSS 08-0026 AR

Gth 1530 Mesling on 2 - 4 November 2004

A few references... (list not exhaustive) (4)

¥ “The commitment to systematic learning is reflected in an on-going program
manitoring the engineered and natural barriers of the repository system.”

¥ CInformation derived from menitoring can help the implementation to determine whether the
repository is behaving as predicted, and [provide] guantitative. reliable information for future
decision-making. Current attention in many repository programs is directed toward
answering the challenging questions of what and how 2 monitor in the dosure and post-
closure phases.”

¥ “Pre-closure maonitoring geals include: [ ] baseline measurements [..] analyzing aciua
systern (and component) performance [ ] decisien-making, including improvements in
systern performance [ ] (compliance) [.] safeguarding nuclear materials [ ] ensure
responsibility [...] societa confidence [...] health of workers [..]°

¥ A credible, comprehensive monitoring program [...] takes on increased walue and
importance under Adaptive Staging because monitoring alows for systematc leaming.”

¥ “Nonitoring must fnk to both the performance confirmation and to the long-term science and
technology programs.”

¥ “Continued future advances in monitoring is a8 major reasen why a repository monitoring
program must be Adaptive and a"ow incorporaton of new and better technologies and
methodalogies.”

L2
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Regulatory requirements

* Furndamental safety rule (RFS 111.2.f, 1591), which iz a guideline and not a
regulatory requirement, deals with « general provisions concerming sife
exploralions ».

* |t distinguizhes between :
% Exploration conducted from the surface (surface sxploration, sursey
drillings, study of materiale extracted from drillings)
% Investigations to be carried out in the URL (both in situ and on samples)
% Meonitoring « changes in the site while the repository is in operation »

*  “Given the anficipated length of time for repository opsrabion and the disturbances
this cowld cause, i seems important fo manitor changes in relevant site and
engineered component specific parameters. Adequate insfrumentation must be
installed early on, fo ensure monitoring of the site and enginesred componsnis
begins prior to repositary operafions.”™

* Some requirements are host rock — apecific | granite, shals, salt and clay.

o
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General objectives of a monitoring program

* During the construction / operaticnal phase, the monitoring program is linked to -
¥ the respect of operaticnal safety and regulatony reguirements
« the acquigition of data to allow for a deeper understanding of models and

parameters underlying the long term safety assessment
¥ reversibility,

* Andra distinguishes befwsen -
¥ obeervation (linked to giving information for scienific and engineering
underzstanding and the reversikility process)
¥ surveillance (linked to safety)

* These abjectives, howsver, do not lead to three disconnectsd monitoring
programmes -
¥ for example, drift deformation could provide information pertaining to
reversibility (adeguate space to transfer canisiers), operational safety (risk
of drifi collapse), and long-temm safety (EDZ evolution)

[
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Surveillance for operational safety

*  Uses of monitoring resulis for operational safety -

¥ Surveillance : Classical and nuclear operational safety
+ “Early waming® allowing for needed flexibility to conduct
unscheduled maintenance work

*  Examples of information linked o operational safety

+ Fire and radiclogical hazards sunveillance

+ Nonitoring of mechanical and dimensional stability,

+ Monitoring of ventilation levels,

+ NMeasurement of the presence of radioactive gases, build-up of hydrogen

concentrations,
+ Nonitoring of thermal and other working environmental conditions. ...

[
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Surveillance for long term safety

* It must be coherent with the fact that, at this stage, the operation of the facility has
been authorized, and therefore enough confidence exista in the models and
parameters

* |t musgt not be understood az a way to compenaate for a lack of confidence in the
previous stages, nor as a mere confimation of data already acguired

*  However nuclear faciliies are requirsd by regulation to revise pencdically their
safety analysis in the light of « feedback » from past operations, with a view of
improving systern understanding and oplimizing safety. The same on-going
process can be envisioned for a geclogical repository

o
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Surveillance for long term safety (2)

*  Meonitoring provides :
+ WO direct data on long term evolution (at time scales greater than either
operational phase, time of instituticnal control, or material life time)
+ Additional information on gite characterization {on-going site
characterization, hydrogeclogy, spatial vanability of rock properties, sic.)
+ Additional information on short-term disturbance of the host formation
+ Information on intermediate-term (~ decade to century) in-gitu evolution

+  Uses of this information for possible reevaluation of long term safety cases :
« \erify respect of safely related design critenia {limits of local temperaturs, of
remaining void spaces...)
¥ In-situ data at a local scale, on every par of the repository
+  Confirmation of data related to long temm evolution modsls
# Therma figld
# Hydrolegical near-field (desaturation)
+ Host rock = asio-plastic response
# Growth or reduction of EDZ
» Geochemical nzar-feld perturbations

[~
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Observation linked to reversibility

* Reversibility and the step-wise approach requires that decisions (to go on with the
next phase of the disposal process, to wait or to go back to a previous stage) should
be based on the best avalable information.

* Uszes of monitoring results for reversible, step-wise repository management :

+ Confimnation or re-assessment of component operational life ime; examples :

F Observed load, corrosion. . leas than anticipated = prolonged life time

# Need to 2eal drift (to satisfy long term safely requirements. ) = loss of
operational life time

v Aszsess conditions for a potential waste canister retrieval {mechanical integrity,
ease of operation, physical conditions in dizposal drift.. )

¥ Aszess flexbility to modify (delay, adjust. . ) dizposal process

¥ Aszsess regository component and near-field evolutions to contribuies to
possible design evolution (medular construction)

[
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Constraints

*  Monitoring iz subject to repository specific constraints :

v Materal must not interfere with operational safety (cables, data acquisition
stations, operator traffic. ..}

¥ Matenal must not reduce long term safety significantly (mechanical,
hydrological or chemical foofprint. )

¥ Matenal must cperate under expected environmental conditions (heat,
humidity, pressure, radiation, lack of access.. )

« Cost (choice of material, density and distribution of menitoring equipment. ..

[
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Technical know-how : Basis

* Similarities with other monitored structures

v Monitoring of concrete structures (hydroelectric dams, nuclear power plants,
railaay funnelz_ ..}

¥ Monitoring of steel structures (pipelines._.)

v Nonitoring of clayey materialz (clay based dams, swelling buffer

exgernmeants. ..}
v

* Key lessons

v Enzure data infterpretation will be unamiiguous

v Combine several methods, as appropriate (visual inspeciion, topographical
data, sample analysis, sensor data.. )

v Possibie redundancy of imgortant or difficull measurements

Test manitoring eguipment under expected environmental conditions

v Care during equipment installation (influence on life time, accuracy, and
cormrect interpretation)

%,

o
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Technical know-how : Requirements

v Selection criteria

+ Safety
# (No significant long term) disturbance of containment barmiers
# (Mo significant long term) chemical disturbance
* Adapted to operational safety (ease of conatruction, no interference with
construction and operation activities. )
oL

¥ Robustness
# Accuracy (no drift)
# Life time (20 years common, 100 appear reasonable)
- Or poasibility of maintenance (access...)
# Resistance to repository environment (iemgerature, humidity, radiation
only inside waste emplacement tunnsis. )
- Appears demanding only inside a waste emplacement tunnel

¥ Other
- Ease of integration in an automated data acquisition network

L]
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Technical know-how : Examples (1)

EETTFE R Py

Vibrating wire sensors (temperature, deformation )
- Widespread use in concrete structures.
- Continuous cperation for ~50 years in dams

— Significant % remain in operation (mest failures are early,
due to installation)

Vibrating wire extensometers
embedded in comcrere

L]
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Technical know-how : Examples (2)

»  Fiber optics (temperature, deformation...)
— Increasingly wicesprzad applications (~10 years)
— Monitering and transmission gver long distances
— Robuwst if comectly installed
— Ease of integration in data acguisition netwark
— Ewc'ution of signal processing without changng sensor
— Several methods (Bragg micro grating, Raman. Michelson. Brillouin...)

silcone or acrylata jacket e
T
cladding [slica)

ical Fib
Optical m[ml“iﬂ_] H"\-p.

. | Te=an urcsiliasca.of 2 55 km
pips Hne
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Technical know-how : Examples (3)

+  Wireless transmission
— Industrial {Qil driling, Japanese airpert) and URL
(Bures) applications
- Integrity of engineersd barrier
~ But: Limited life time. difficult ransmission
emyironment (steel wube), possile chemizal
perturbation

'-\_\_\_‘_\_‘_ Wire ks e s s

lEenativir
Eearvian drili
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Example : Monitoring in a B-type waste tunnel

Insirumentation of a cross-section iy
A o heavil t mbed # te tummel
» Similar protacel for all monitering wnits « Several Hm:f;c}ﬁ:; rame At fuan
- Temperature, deformation, and pressure * Distributed FO temperature measurements
measurements * R&D on distributed FO deformation measarements

* Vibrating wire, fiber optic and other sensor technology
* Embedded in concrete limer and in near-field bore hales

£ O G
CAABSES B 015808
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Guidelines for implementation strategy

* Bazed on URL and other relevant civil (tranzporiation, mining, petroleum,
nuclear. ..} enginesring experience

* Compromise between data wants and technology
+ Respect of long term performances of safety functions (barriers, etc.)

* Mo basis to specify complete monitoring system (what architecture, which
technology, which operafions relevant in 50 vears?__ )

v Intensity of monitoring likely to evolve during dizsposal process (modular
context)

+  Denser monitoring in first module(s) {or other typical repesitory component;
sirmilarity to pilot facility)

+ Analysis of monitoring results, use similarty of components and
homogeneity of environment

¥ Potentially aparser monitoring of succeassive modules, focuzed on key items,
focused on reproducing parts of first medule results

v Potential evolution of technology

L]
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Conclusions regarding the link between the
monitoring program and the safety case

*  The monitoring program should be seen as a way to inform the safety case
as it evolves during the various stages of the operations; im this sense it can
provide additional confidence to the assessments

* Part of it is meant to assess regulatory compliance during operation, and so
i largely inapired by practices in other facilites (nuclear and others)

* However operational monitoring is not used to support the pre-operational
safety case. Its purpose is not o compensate for a lack of confidence in site
characterization data, in URL experiments, or in the safety case.

[
ANMDHA - sus TR ADSC 040026 Ak

6ih IG5 Mesting on 2 - 4 November 2004

Conclusions regarding the link between the
monitoring program and the safety case (2)

# The monitoring program is an additional level of a defense in depth approach
* Commensurate with commeon practics in nuclear facilities
+ Adapied to operations in an underground environment
« Adapted to long term safety relevant information. .
{data that can confirm consiztence with long term safety)

* Technical objeclives are site-specific and are selectad basad on their importance o a
reversible management and to the safety case.

* Technical know-how is available fo s2ed the monitoring program

v |mitial monitoring intensity and technology may evolve during the step-wise approach
o dizposal

-
ANDHRA - sur T ADST 08-0025 ANIIRL
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International Atomic Energy Agency

GEOLOGICAL DISPOSAL SAFETY STANDARDS

MONITORING, SURVEILLANCE AND THE
SAFETY CASE

Phil Metcalf
Sixth Meeting of the Integration Group for the Safety Case
(IGSC)

Disposal
Geological
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Requirement 20: Monitoring programmes
A programme of monitoring shall be
defined and carried out prior to and
during the construction and operation

of the geological disposal facility. This IAEA
shall be designed to collect and update =1 SAETL
the information needed to confirm the o
presence of the conditions necessary Disposal
for the safety of workers and members Geological
of the public and protection of

environment during the operation of REQUFEMENTS
the geological disposal facility and to e —

confirm the absence of conditions that
would undermine the post closure
safety of the geological disposal
facility.

g

A.1.53. Monitoring is required during each step of the
geological disposal facility development and operation. The
purposes include providing baseline information for later
assessments, assurance of operational safety and facility
operability, and confirmation that conditions are consistent
with post closure safety. Monitoring programmes must be
designed and implemented so as not to reduce the overall
level of post closure safety.

A1.54. A discussion of monitoring related to post closure
safety of disposal facilities is given in reference [19]. Flans
for monitoring aimed at providing assurance of post closure
safety must be drawn up before construction of the
geological disposal facility to indicate possible monitoring
strategies, but these need to remain flexible and if necessary
revised and updated during the development and operation
of the facility.
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Government responsibilities
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SAFETY CASE DEVELOPMENT

Safety case development through safety assessment
Pre-operational phase
Operational phase
Post-closure phase
lterations of the safety case
The safety case, safety strategy. and safety assessments
Preparation of the safety case and safety assessments
Scope of the safety case and safety assessments
Calculating performance measures to evaluate compliance with

performance requirements

Evaluating post-closure safety for the very long term
Documentation of the safety case and safety assessments.
Scientific and technical basis of the safety case
Optimisation, constrained optimisation and the safety case
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DESIGN DEVELOPMENT FOR GEOLOGICAL DISPOSAL FACILITIES
Conceptual design
Detailed design
Waste acceptance criteria

Surveillance and monitoring programmes

SITE CHARACTERISATION
Site characterisation
Other research activities
Safety case development
Integration of knowledge
Assessments and evaluations
Scientific investigations during the construction, operational, and post-closure phases

CONSTRUCTION, OPERATION AND CLOSURE and CONSTRUCTION
PERIOD

Cwverview

Flexibility in design

Excavation disturbance

As-built design and the updated safety case
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OPERATIONAL PERIOD
Overview
Radiclogical protection
Commissioning
Written procedures
Operational records
Emplacement strategies
Regulatory inspection and review
Parallel operation and construction
Recruitment and training of personnel
Occupational safety
Design change procedures
Safeguards
REPOSITORY CLOSURE AND POST-CLOSURE CONTROL
Considerations related to the decision to permanently close the repository
Competing post-closure demands and requirements

- el
e —
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Sftrategies for Monitoring Radionuclides
in the Environment
Draft safety Guide
Ds-62

SAFETY GUIDE

T W PHTE FRSAT
" i I‘ AT e BT AR T
WA

Safoty Roports Sories

P . TIRgs R

onitoring of
geoingical rapositades for
IHgi fevel reafoaclive wasie

poad
Survelllance and
Manltering of Near
Surface Dlsposal
Facllifles for
Radloactlve Waste

&)

EEELLLITALL, ARALLR BLITEA A LS

SYIAEA

e

httpfwww-pub iaes org/MMTCDpublications/publications_asp

. ) |

78




NEA/RWM/IGSC(2005)3

CONTENTS i PREOMERATIONAL SURVEILL AKCE AMD

RATICHEINAE oco onin0d0bisint 1000 L BLILIL KIRIRIE I IRL Lom

AL S Dbk of pre-oferationsl Sarvl s asd

MHBEBA 1accianianan anntaniniaimainins s siasinins imass i

n-u-np ol ik Sarecillamor amd r'wiwi'. Fepumme b
4 thei s peiatirad Plss .

5 SURVEILLANCE aND MONTTORING DURING
1 GENERALCRITERA FOESURVEILLARNTE ARND CFENLATIONS - P
MCORITON 5 asa

s cu.nmuunumm Bk da i

B Conend Ghpekom of Wrvellancs sl bkabariog .. ...... B OPRRHOEE L s e Y
B2 Rdstaddp e adol] s ad ... i1 wa’quumludmmﬂmd
nblarlbcr':llllw'ﬁr'ﬂlnc:l-dnwl campRa T - |
= 20 Evigm o The e
awdadi . & o s PR KNS PG - . s et erneneeeee 3
A1L Pronguiog of &
PP —— . § SURVEILLABCE AHD MOHITORIHG AFTER CLASURE
AL Sareibuser ts dotost deterionion inthe mgm ol CETHEDERBAL FACILITE A
i T Fr T T T i
42 Melectanaf medou v coniniraste ed coreern . 11 mmdm.”“mm"“‘m
3% i b phpioal A B’““"‘"";,’"T ;
“.“ 61 Dhersorsi ratics of cophae: e
o '“cw_;d::m::f‘m':ﬂ?fm - E K S o cafwed g e bl of st coatichi ... 3
i '“'“"‘"“'“""""“"‘""“"" ; 1 MOHTTORING WHEN Da L FACILITY
o PERFORMARCE [%HOT COMEETENT STTH
Lin :.luu:‘._r..q,r P IS . b . wr
LT __w"":' _b.dlll:r . APSEX L SPAIN EHCISEREED DOSPOSAL FACILITY
S Cramend o i i Ll & I ATHEL CAREIL .. . B

B, Dt et s .
410, Pricriion md v istica ko

ANMEX L FRANCE ENGINEERED DN3POSAL
FACILITY ATCENIRE DE L& MANCHE .. ... ... Rl

ANNEX [T CRECH REFUBLIC: ROCK CaNITY
REPOSITORIES AT HOSTIL LITOM] C0CE AND

ANMEXIV: UNITED STATES OF AMERICA: TRENCHEES PITS
AN VALLTS AT THEITMA HO HATICMAL
EMGIMEERING AND ENVIRONMENTAL

LABORATOREY (IEELL . ooovinniiiniiinnisiniii l
ANMEXV: CAMADA: TREMCHES, PITS ANDVALULTS AT

THE CHALK RIVER LABDHATORIES (CRLL. . ... L]
CONTRIBFUTORETO DRAFTING ANDREVIEW .. (]

79



NEA/RWM/IGSC(2005)3

CITENTS
i WTRICLETER i
LL o 1
L2 Chyactives i
L1 g
LA e 3
I MORTICRPC RIS SITHE A [
RFMISITCRT 18 VELFAENT Fock vl 1
11, Hagey inn popmiory doviloprst progr 4
ILL from—" 4
112 Ao for udergr T H
i o o o s rptl 5 ool of
204 Empleoriof vk aed mou bk cogemrnd s ol
LA [y backBbng a e s el Ao sieE ek for
LI& RepashorybachiRing snd s — oo I BEn vl rmatos oty @ waste
ILT Peuhas fssinsoralvo kalwiam] F
L1 Monsorieg o ceisHnk b b
3. LR WO TR PRI T
1. Seppariag deckabs i
poation r T
TLL Mishoringcordiioms of ol b 8§
TLY Miiny Wi L}
LL Trrea »
a1 dingaff [ o
11 Hacicial dcan rmkin " s
3 ey g i)
PR e———— 13
14 Sabegdeosam wed o rerdang elarmdar | 14 e e et [ - Y
A WETHEDOLOGE P08 MRTTOR G 0] .
Al K i bk I+
411 D ooy 18
412 Hoharvicay of the womks paciages md olkormaiornd 13
AL Wam Rl chamboal it 18
414 Chmpes ip e poovphor 1=
418 Acommmlatio of we crvimrecinl S =
414 Nukow mi: g, 1=
41 Condsy weamwer =
4L Ralibday =
[ wd sapaning i

DESIGN DEVELOPMENT FOR GEOLOGICAL DISPOSAL FACILITIES
Conceptual design
Detailed design
Waste acceptance criteria

Surveillance and monitoring programmes

SITE CHARACTERISATION
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Surveillance and Monitoring Programmes
1.1 Momnitoring 15 defined as [26]

The measurement of dose or contamination
for reasons related to the assessment or
control of exposure to radiation or radioactive
substances, and the interpretation of the
results.

1.2 And surveillance 1s defined as [26]

Activities performed to ensure that conditions
at a nuclear facility remain within the
authonised limits. For a near-surface
repository, surveillance normally continues
past the periods of operation and closure.

- el |
—————————————

1.1 The starting point in planning all monitoring activities is the safety case,
which should contain a_clear r_m_-u_.ltun.nf plan’ that describes the rationale
underlying the monitoring activities. & pro of surveillance and
mnmtmnigcs;]qnu]d forme part of the safety case and should conupence before a
disposal ﬂlﬁebemmgs operational - usugally during the site characterisation
Programme. reglpsmagf de maﬁ{ralm includz a of su
monitoring uftbemﬂﬁm fac IE;:E the waste has been emplaced but
before the access s or shafts been backfilled and sealed.

1.2 As the disposal pmugmmme moves from one phase to the next, the
u}‘:é?cmres of the surveillance and momtoring programme will change and
edditional surveillance and monitoring activities will be added [27]. Some of
these activities will continme throngh mto the period o lpﬂst-c]usme
mstitutional control. Through the vanious phases of facility development, the
surveillanee and monitoring objectives should be set to allow the survetllance
and monitoring programme to build confidence in the safety case by testmg
assumptions and demonsirating compliance. For le, reference [27] lis

the main sbjectives of the post-closuTe survetllance and monitoring phasé as:

*to show compliance with reference levels established by the Regulatory
Bedy for the purposes of providing protection of human health and
enviTomment; _

*to confirm, as far as possible, relevant assumptions made m the safety
assessment; _ _ _

*to provide indications of any malfimctioning of the containment leading
to unpredicted radionuclide releases; and ) )

*to provide reassurance to concerned persons living m the vicinity of the
waste disposal facility.

- e ) |
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1.3 An impurtautﬁniu.cipble of the surveillance and monitoring of facilities is that
the programme should be designed and implemented so as not to reduce the
overall Tevel of post-closure safety. The surveillance and monitoring programme

should not place an undue burden on the Operator by being too elaborate.

14 As part of the site characterisation phase. a baseline of environmental
radiation and activity concentration levels should be established for the purpose of
=1 sequmﬂfwe g the changes (if any) brought about by the emplacement
of the wasfe. These dafa nught wmclude results from borehole testing such as
pressure and flow, surface radiclogical data such as gamma radianen fields
radiomuchde content of airbome dusg, and radienuclide (mcluding radon) content
of the soils, water and air on and around the site. Thess data should be nsed to gain
an understanding of likely radionuchide mansfer pathways, e?eplalgm areds
where radionuclides from the facility could discharge. The monitoring should also
cover wider environmental informafion such as local ecology, chemical pollutants,
P?Fﬂ]ﬂtmr_l habits and density. local agnculture, and na and artificial features
of the environment that might affect radionuclide transfer pattowvays [27].

1.5 The results of pre-disposal surveillance and menitoring should assist
building confidence in the safety and post-closure performance of the facility and

ald decisions for its future development. The monitor 0 should also
be useful in creating the geosphers and biusphere%ﬁg E be used in post-
closure safety assessient.

- ) |
—————————————

1.6 Where there is a possibility that migration of radionuclides could reach
an aquifer, consideration should be grven to monitor the aquifer for potential
radionuclide releases using boreholes sunk into the water bearing horizons
even though releases of activity are not ted to occur, except possibly in
e distant . Such monitéring boreholes should be sealed afier use.

1.7 The Fegulatory Body should provide guidance on the establishment of a
surveillance and monitoring progranmume to be used to (1) demoenstrate
compliasnce with the regulatory constraints and any other licence conditions,
%1-.11} monitor any releases of radicactivity to the environment, and (1) assess
e environmental impact of constmction, operation, closure and ﬂnlg‘-:-?--:lnsu.re
activities. This pmﬁamme would nommally be camried out by the Operator
who would takie the necessary actions fo enswure that thé requirements
established by national anthorities are met. The Eegulatory Body should:

scheck the surveillance and menttoring data provided by the Operator;
sregularly review surveillance and menitoring amrangements including
arrangernients for mﬂuﬂy IONItoTIng;

waudif the manag systems; and ) o

sprovide evidence that ‘can satisfy public opimon that there are no
unanthorized sources of exposure.

- el |




NEA/RWM/IGSC(2005)3

1.2 In addition, the Fegulatory Body should camry out an independent
curveillance and monitoring programms.

1.9 If the waste management concept foresees a pilot or demonsiTation
facility within the repesitory, where a small amount of waste 15 emplaced in
a separate storage room equipped with monitoring imsmumentation o1 having
borehole accesses to the near-field barriers, the Operater should backll and
seal thus facality at the earliest possible tume in order to have the best chance
of obtaming information to guide the further emplacement activities.

Intermational Asomic Energy Agency @

SCHEDULE FOR DS 334

* TECHNICAL MEETING VIENNA 29
NOVEMBER - 3 DECEMBER

* REPORT TO WASSC MARCH 2005

* SUBMIT TO WASSC FOR APPROVAL TO
MEMBER STATES OCTOBER 2005

* POSSIBLE SAFETY REPORT ON

SURVEILLANCE AND MONITORING OF
GEOLOGICAL DISPOSAL FACILITIES

Intermational Asomic Energy Agency @
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Role of monitoring:
An example of an evaluation in the
context of the engineered barriers

6th Meeting of the IGSC
2-4 November 2004

+ Performance Confirmation for the Engineered
Barrier System (EBS): Workshop at
Oskarshamn 12-14 May 2004

« Relationship between Performance
Confirmation (PC) and monitoring?

« Expectations from a regulator

» Focus on engineered barriers of the KBS-3
concept

» Context of the Swedish Programme
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Series of workshops about the KBS-3 EBS

2002: Long-term integrity aspects
(SKI Report 2003:29)

2003: Manufacturing, testing and QA
(SKI Report 2004:26)

2004: Performance Confirmation EBS
Long-term evolution of Buffer and
Backfill

2005: Canister: copper corrosion issues

Canister: mechanical integrity issues
Safegurad issues

2006: Model for spent fuel corrosion
Model for evolution of defective
canister (not decided)

Format of workshops

« Two and a half days (SKB attend during one day)

» Day one: general presentations by consultants and
researchers engaged by SKI (independent from SKB)

» Day one: formulation of question to SKB (in working
groups)

» Day twio: presentations by SKB

» Day two: informal hearing with SKB

» Day three: summery of impressions from SKB's

responses, identification of outstanding issues, ways
forward
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Background to Monitoring

Definition (IAEA 2001): ".... continuous or periodic observations
or measurements of engineering, environmenlal or radiological
parameters, o help evaluate the behaviour of components of the
repository system, or the impacts of the repository and its operation on
the environment.”
Reasons:

« Provision of safequards for fissile materials

« Characterisation of baseline conditions
Verification of operational safety and quality
System understanding and performance confirmation
Public acceptability
Aid in decision-making

Swedish regulations:

SKIFS 2002:1 8§: The impact on safety measures that
are adopted to facilitate monitoring of retrieval.... shall
be analysed and reported

Corresponding Guidelines: The safety report.. should
show that these measures ... have a minor or negligible
impact.... Or should show that the measures result in an
improvement of safety

SSIFS 1998:1 8§: A repository shall be primarily
designed with respect to its protective capability.

Performance confirmation not mentioned in Swedish

regulations SKi
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Why workshop about performance
confirmation (PC) for the engineered barrie

* Test an idea from the US programme.

» SKB have a series of long-term experiments at
Aspo aimed at evaluation of EBS performance

« Howv critical are these tests to be for the
Swedish programme?

* Two experiments particularly relevant in PC
context:

- Prototype repository
- Backfill and plug test

Prototype repository Aspo URL

A

* _simulate part of a future KBS-3 repository to the extent
possible with respect to geometry, design, materials, construction
and rock environment except that radioactive waste is simulated
by electrical heaters, and to test and demonstrate the integrated
function of the repository components.”
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Backfill and plug test

* Develop and test different materials and compaction technigues
for backfilling of unnels excavated by blasting.

* Test the function of the backfill and its interaction with the
surrounding rock in a tunnel excavated by blasting.

= To develop techniques for building tunmel plugs and test

plug function. SKi
DO R0 L 2004

Other PC relevant tests in the
context of the EBS

+ Long-term test of buffer materials (LOT)
» Aspo pillar stability experiment

» Temperature buffer test (TBT)

+ Canister retrieval test (CRT)

» Gas transport in buffer test (LASGIT)
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Background Performance Confirmat

US Nuclear Regulatory Commission (USMRC) 10 CFR Part 63:
"Performance gcrnﬁrmatfon may be defined as the programme of
tests, experiments and analyses, conducted to evaluate the
adequacy of the information used to demonstrate compliance
with long-term safety standards for a geological repository.”

Possible Components:
+ Site Characterisation
« Laboratory testing

« Testing in underground research laboratories (URLs)

« Testing in dedicated demonstration-alcoves at
repository sites

» Large-scalke engineering demonstations
« Monitoring

Opinions about performance confirmation (PC)

" ...confirmation of long-term performance of repository
not possible because of the long time-scales involved -
the term is misleading”

"... PC might be seen as a means of allowing positive
licensing decisions in spite of unresolved PA issues”

"..PC aimed at ensuring that certain types of data and
models are fit-for-purpose”

".. PC and/or long-term monitoring is a method to reveal
any unexpected behaviours or the key repository
components”
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Relevance of PC - WS main observations

« SKB has a series of PC related tests but does
not have a definition for PC and does not use it
for a subset of their programme

*Ina maturegrogramme, almost all activities
related to PC..

+ PC integrated in a wider programme of R&D,
repository development and safety
assessment

* In Sweden, the requlators will evaluate PC
activities but most probably not establish
prescriptive PC criteria.

Relevance of PC - WS main observations Il

+ Sensitivity to site specific conditions: ..which
experments have to be repeated at actual
repositary site?

* Planning of the Aspo experiments compatible with a
schedule to assist licensing steps?

* Formal procedures for building confidence in data
and models sufficient? (e g. predictive modelling,
evaluation criteria)

« Statistical validity of experimental data (esp.
regarding grounchwater flow)

* Relevance of ongoing experiment for the harizontal
design (KBS-3H)
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Monitoring - WS main observations

« Sufficiency of ongoing long-tenm expenments may
depend on the type and intensity of monitoring
during repository construction and initial operation

+ Monitoring for confirmation of site specific models

+ Manitoring to inform a decision to continue from

« Maonitoring after closure primarily a matter for the
Swedish state

+ |Jse of a monitored demaonstration tunnzl with real
fuel, canister, buffer and backfill in place

Selected technical issues

« Handling of the wide range of water inflows to tunnels
and deposition holes

« Times for buffer saturation from decades to possibly
thousands of years?: Implications are not clear, a
strateqy is needed

« Use of altemative buffer materials (not MxX-80):
Confirmation of their expected behaviours

« Backfill performance may not be as good as expected:
What are implications, neceassary requirements? What

s a sufficient experimental and observational basis for
alternative materials and emplacement methods?
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SKB's view of monitoring (SKB R-04-13)

« Confirms that Swedish reguilations should be fulfilled
(no or very limited impact of monitoring)

L]

Primary Baseline conditions: collection of undisturbed
data

Understanding site: changes during construction
should be monitared and analysed

Monitoring during repository operation matter for
discussion

"Passive” strategy suggested with emphasis of
verification of requirerments rather than "active” where
manitoring results are used for optimisation purposes

SKB's view of monitoring (SKB R-04-13) |l

+ No monitoring of canister and buffer

+ Experience from monitoring of CLAB, SFR, Aspo
{mo_mtonr"ﬁ; of bedrock conditions and monitoring of
barrier performance)

+ Monitoring as an aid in decision-making: monitoring
results may be indicators, but decisions based an
safety assessments

+ Monitoring to ensure high standard of construction
and operational safety

+ Monitoring of environmental impact
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Role of Monitoring

NEA IGSC Meeting
3 November 2004

Paul Gierszewski
Nuclear Waste I‘%a;égement Division

ONTARIOPOWER

GENERATKIN

Canadian historical context

+ Environmental Assessment of DGR concept — "90-97

+ Concept included an overall monitoring approach, but
avoided intrusive long-term monitoring that could
compromise safety

+ Review Panel considered concept technically safe,
but from social acceptability view stated that *.__ a
system of early detection of failures, inside the vault
or close to it, should be built into the defence-in-depth
approach.”

+ Recommended a “Modified AECL concept” which
would include “better technologies for safe
postclosure monitoring and retrieval”.

ONTARIDPOWER :

GENERATHIN
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Regulator expectations

+ CNSC S5-224/G-224 (draft) Environmental
monitoring program at Class | nuclear
facilities and uranium mines and mills.

— Demonstrates that adequate measures have been
taken to protect the environment and to keep
public doses ALARA

— Risk-based approach (low, medium, high)

— May involve Pathways contaminant monitoring or
Biological effects monitoring

* No specific requirements for DGR

ONTARIDPOWER

GENERATHIN

(=]

Stakeholder expectations

» NWMO survey of issues historically raised in
EAs at nuclear sites over past 17 years:
— Public wants explicit inclusion of monitoring
regimes designed and implemented around public
and local involvement.

* Proposed L&ILW deep repository
— Is my water safe?

ONTARIDPOWER

GENERATAIN
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Objectives of pre-closure monitoring

+ Obtain data to assess site suitability and establish
baseline for identifying repository effects

+ Demonstrate that repository meets regulatory
compliance, performance, safeguards requirements

+ Detect performance problems so that corrective
actions can be taken

+ Allow stakeholders to gain sufficient confidence in
performance/safety of repository to proceed to
closure

l]NTAHI[I‘!‘[?EﬂmEﬁ 4

Objectives of post-closure monitoring

+ Demonstrate the repository continues to meet
compliance, performance, safeguard requirements

+ Support assumptions made in the safety case

+ Detect anomalous behavior so that remedial actions
can be taken as necessary’

+ Allow stakeholders to gain confidence in
performance/safety of the closed repository

ONTARIDPOWER 5

GEHERATNIN
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Strategy

* Present an approach that covers all phases,
including long-term monitoring options

« Staged approach with detailed/invasive tests
early on, then gradually pulling away as we
develop confidence in performance.

* Extended monitoring phase (eg. 70 yrs in
current plans)

* Long-term monitoring must not compromise
passive safety

ONTARIDFOWER

GENERATMIN

Staged approach

* Preclosure (Siting/Const./Ops)
— Surface characterization
— Surface biosphere/environmental monitoring
— Surface deep boreholes
— Underground rock laboratory/tests
— Component/demonstration tests

* Preclosure (Extended monitoring)
— Instrumented containers in dedicated test area
— Maonitoring boreholes within the facility

(ONTARIDPOWER

GENERATHIN
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Staged approach (2)

+ Decomm./closure
— Instrumented container tests closed; used fuel
emplaced without intrusive monitors
— Within-facility boreholes closed
— Most surface deep boreholes closed.

+ Postclosure
— Surface-based monitoring
— Biosphere/environmental monitoring
— Surface deep boreholes?
(Sealed replaceable dataloggers?)

ONTARIDPOIWER 8

ERATMN

Postclosure Remote Data Logger concept

o P O Y " "y

T —
\

2. Install Remote Sarsor | Dala Logger and
Saal Borehila

1. Dl Ecrahale
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3 Remava Sealing Mabarial by Driling
Relrieve Sersar ! Dals Logger

4, Install Meaw Remole Sensor / Data Logges
and Ressal Boahola
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GENERATEON
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Open borehole — How close is too close?
- Example - Repository in SFR granite at 660 m
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-] ""i.,._
m# 0 vears
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